Aims: To assess the effect of systemic hypertension on the choroidal circulation in subjects with a normal eye examination. Methods: Laser Doppler flowmetry was used to determine relative choroidal blood velocity (Ch vel ), volume (Ch vol ), and flow (Ch flow ) in the centre of the fovea. Measurements were obtained in 15 eyes of 15 subjects with systemic hypertension. The mean average duration of hypertension was 11 (SD 6) years. Findings obtained in these patients were compared with those of 15 eyes of 15 age matched healthy controls. All subjects had normal eye examinations. Results: No significant differences in Ch vel , Ch vol , and Ch flow , were found between the subjects with and without systemic hypertension despite a 17% higher perfusion pressure (PP) in patients with hypertension. No significant correlation was found between mean arterial pressure or PP and the choroidal circulatory parameters. It was estimated that there is a 90% power to detect a 35% difference in Ch flow between the two groups. Conclusion: Systemic hypertension does not seem to have a large effect on the choroidal circulation in hypertensive patients that are controlled by antihypertensive therapy. Further studies are needed to elucidate whether systemic hypertension has an effect on the choroidal circulation in patients with ocular diseases.
Aims:
To assess the effect of systemic hypertension on the choroidal circulation in subjects with a normal eye examination. Methods: Laser Doppler flowmetry was used to determine relative choroidal blood velocity (Ch vel ), volume (Ch vol ), and flow (Ch flow ) in the centre of the fovea. Measurements were obtained in 15 eyes of 15 subjects with systemic hypertension. The mean average duration of hypertension was 11 (SD 6) years. Findings obtained in these patients were compared with those of 15 eyes of 15 age matched healthy controls. All subjects had normal eye examinations. Results: No significant differences in Ch vel , Ch vol , and Ch flow , were found between the subjects with and without systemic hypertension despite a 17% higher perfusion pressure (PP) in patients with hypertension. No significant correlation was found between mean arterial pressure or PP and the choroidal circulatory parameters. It was estimated that there is a 90% power to detect a 35% difference in Ch flow between the two groups. Conclusion: Systemic hypertension does not seem to have a large effect on the choroidal circulation in hypertensive patients that are controlled by antihypertensive therapy. Further studies are needed to elucidate whether systemic hypertension has an effect on the choroidal circulation in patients with ocular diseases. S ystemic hypertension is defined as persistently elevated arterial pressure that induces vascular constriction and sclerosis of both arteries and veins throughout the body. Systemic hypertension is a known risk factor for ophthalmic diseases such as diabetes, vascular occlusions, ocular ischaemic syndrome, glaucoma, and age related macular degeneration (AMD). [1] [2] [3] [4] The choroidal vasculature may be susceptible to the effects of hypertension because of its unique architecture. The choroidal arteries run a short course with relatively few branches and supply the choriocapillaries at right angles, thus systemic blood pressure is transmitted more directly to the choriocapillaries. 5 The effect of systemic hypertension on ocular haemodynamics has been investigated in various ocular disease states. Grunwald et al reported that glaucoma patients with systemic hypertension had higher optic nerve blood flow than glaucoma patients without hypertension. 6 Esgin and associates 7 measured pulsatile ocular blood flow, their results suggested that diabetics with systemic hypertension had an increased pulsatile ocular blood flow compared to age matched controls without systemic hypertension.
In addition, choroidal blood flow has been shown to be decreased in AMD. 8 Before an investigation of the effect of systemic hypertension on the choroidal circulation in AMD and other pathological states, it is important to ascertain whether systemic hypertension may affect choroidal flow in the normal eye. The goal of our study was to assess the effect of systemic hypertension on the choroidal circulation in such eyes.
METHODS
The study population included 15 subjects with systemic hypertension and 15 age matched healthy controls that were recruited at the Scheie Eye Institute, University of Pennsylvania. After a detailed explanation of the experimental procedures to be performed in this investigation, all subjects gave informed consent and were asked to sign a consent form approved by the institutional review board.
Eligibility criteria for both groups included no history of progressive ocular or retinal disease, a normal ophthalmic examination, Snellen visual acuity of 20/40 or better, and the ability to fixate on the laser beam.
All subjects had deep anterior chambers. Pupillary dilatation was achieved with 1% tropicamide (Alcon, Fort Worth, TX, USA) and 2.5% phenylephrine hydrochloride (Sanofi Winthrop, NY, USA). Ages ranged from 38 to 71 years (mean 54 (SD 11) years) for the hypertensive subjects, and from 34 to 76 (53 (14) years) for the control group. Twelve hypertensive patients were receiving antihypertensive medication and three patients were not receiving such medication.
Measurements of relative foveolar choroidal blood velocity (Ch vel ), volume (Ch vol ), and flow (Ch flow ) were obtained using laser Doppler flowmetry (Oculix instrument). Ch vel represents the speed of erythrocytes, Ch vol is proportional to the number of erythrocytes present at the measured site, and Ch flow is calculated by the instrument from Ch vel and Ch vol . A detailed description of this technique has been published previously. 9 A 20 mW diode laser beam (670 nm) with a diameter of 200 mm was delivered through a fundus camera (model TRC; Topcon, Tokyo, Japan). Subjects were asked to fixate on the probing laser beam. Proper fixation was confirmed by direct observation of the foveola through the fundus camera. This method allows for determination of choriocapillary flow as described by Riva et al. One eye chosen at random by the flip of a coin was studied in each subject. Three separate 30 second measurements of the choroidal circulation were obtained. A trained observer, masked to all attributes of the subjects, analysed the data using a NeXT computer (NeXT Computer, Inc, Redwood City, CA, USA) with software (NeXT Software, Inc, Redwood City, CA, USA) specifically designed for the analysis of Doppler signals from ocular tissues. 10 Only portions of the recordings Abbreviations: AMD, age related macular degeneration; Ch vel , choroidal blood velocity; Ch vol , choroidal blood volume; Ch flow , choroidal blood flow; DBP, diastolic blood pressure; MBP, mean blood pressure; PP, perfusion pressure; SBP, systolic blood pressure that showed stable measurements were chosen for analysis and the results were averaged. Upon completion of the blood flow measurements, heart rate, brachial artery systolic blood pressure (SBP), and diastolic blood pressure (DBP) were obtained with an automated sphygmomanometer. Mean blood pressure (MBP) was defined as:
The perfusion pressure (PP) was defined as:
Results were compared using non-paired Student's t test and probability values smaller than 0.05 were considered statistically significant.
RESULTS
There were no statistically significant differences in age and IOP between hypertensive patients and normal controls (table 1). In comparison with normal controls, however, hypertensive subjects had average SBP, DBP, and PP that were significantly higher than the normal subjects by 10%, 14%, and 17%, respectively.
In comparison with normal controls, average Ch vel was 2.4% higher in the hypertensive subjects (non-paired Student's t test; p = 0.50), average Ch vol was 13.9% lower in the hypertensive subjects (non-paired Student's t test p = 0.13), and average Ch flow was 8% lower in the hypertensive subjects (non-paired Student's t test p = 0.60; table 2). These differences between the subjects with and without systemic hypertension, however, were not statistically significant. Ch flow measurements in normal subject and hypertensive patient are shown in figure 1 .
When hypertensive and control subjects were analysed together, a significant correlation between age and Ch vol (r = 20.370; p = 0.044), and age and Ch flow (r = 20.388; p = 0.034) was observed. No significant correlation was detected, however, between age and Ch vel (r = 0.208; p = 0.271). There was also no significant correlation between SBP, DBP, or PP and any of the circulatory parameters.
Because most of the hypertensive patients were on antihypertensive therapy, we examined whether these medications had an effect on circulatory parameters. There was no statistically significant difference in average Ch flow between the 12 patients who were on antihypertensive medications (12.6 (4.8) arbitrary units, AU) and the three hypertensive patients who were not receiving antihypertensive medication (10.2 (2.3) AU; p = 0.25).
Because we did not detect any effect of hypertension on Ch flow we have estimated that we have a 90% power to detect a 35% difference in Ch flow between the two groups.
DISCUSSION
Although hypertensive choroidopathy and its clinical effects on the appearance of the fundus have been described, 5 the effects of hypertension on the choroid before the appearance of clinically detectable fundus abnormalities have not been studied. This information is important, however, because the choroidal circulation is crucial for the maintenance of normal retinal function as it provides nutrients and removes waste products from the outer half of the retina and is the main source of oxygen and nutrients to the avascular fovea.
Retinal blood vessels regulate blood flow in response to blood pressure, intraocular pressure, and the content of oxygen in the blood. Choroidal vessels have been shown in rabbits to have the capability to autoregulate in response to changes in blood pressure and intraocular pressure. 11 12 Studies in humans have also shown that choroidal blood flow is maintained despite an increase in perfusion pressure, suggesting that in humans the choroidal vasculature may autoregulate. [13] [14] [15] This ability of the choroidal circulation to autoregulate may explain why we found no significant differences in Ch vel , Ch vol , and Ch flow, between the subjects with and without systemic hypertension in spite of the fact that PP was 17% higher in the hypertensive subjects (Student's t test; p = 0.008). Figure 1 Relative foveolar choroidal blood flow in arbitrary units (AU) for control and hypertensive (HTN) subjects. There is no statistically significant difference in average choroidal blood flow between both groups (non-paired Student's t test; p = 0.6).
We examined whether hypertensive patients taking antihypertensive medications (n = 12) had different choroidal circulatory parameters from those who did not take such medications (n = 3). We did not find any statistically significant differences between the two groups. However, a word of caution should be mentioned with regard to this statement since the number of patients included in our study is small and this does not allow us to reach any strong conclusions.
Several studies on the effects of antihypertensive therapy on the choroidal circulation have been reported. A study of the effect of the calcium channel antagonist felodipine has suggested no significant effect on the choroidal blood flow in spite of a significant decrease in blood pressure. 16 Others have used the laser speckle method in rats and have suggested that nilvadipine and pranidipine increase choroidal blood velocity. 17 18 When we analysed all the patients together, we found an inverse correlation between age and Ch vol , and age and Ch flow . This is consistent with the report of Grunwald et al 19 that showed that Ch vol , and Ch flow decrease with age. Because aging has an effect on Ch vol , and Ch flow , it is important to note that both groups were well age matched.
Systemic hypertension does not seem to have a large effect on the choroidal circulation in hypertensive patients that are controlled by antihypertensive therapy or in patients with a recent diagnosis of hypertension that don't have clinical evidence of hypertensive retinopathy. It may be that within the range of blood pressure that we examined, the choroidal circulation is maintaining the blood flow by an autoregulatory mechanism.
Further studies are needed to examine whether systemic hypertension and its treatment have an effect on the choroidal circulation in patients with ocular diseases.
